ABSTRACT-The flow behavior of liquid-solid particles in mixing tanks using a modified Rushton impeller, called a Rushton V-cut impeller, was studied. Both the Rushton and Rushton V-cut impellers were compared at a 300 rpm stirring speed and a 10 % wt solid concentration. Hydrodynamic behaviors, such as solid volume fraction, velocity, pressure, and shear stress, in both the Rushton and Rushton V-cut impellers were investigated. Computational fluid dynamics (CFD) software able to understanding of hydrodynamics of stirring liquids which contain solid particles. CFD programme was to predict the mixing flow of the highly viscous system. Therefore, the present work was carried out using CFD software with the Eulerian-Eulerian approach with a turbulent k-ε model. The simulation of mixing tanks was consisted of moving and stationary zones by using moving references frame method or MFR. The results were observed that Rushton V-cut can dramatically reduce pressure up to 20% and the shear stress up to 64.38% while keeping the liquid-solid mixing at a considerable degree. Therefore, this design can reduce the power consumption.
Inner region
Outer region There are two parts of the geometry, the inner region and the outer region. The inner region is a cylindrical shape that contains the blade inside. In the simulation, this part is rotated, affecting the outer region. The outer region is the tank that contains the inner region. The advantage of splitting the mixing tank into two designated regions is that it becomes easy to select the boundaries in the meshing method. This meshing method is used moving references frame or MRF [14] .
Modeling the solid-liquid in the mixing tank
The mathematical model used by the simulation is based on a liquid-solid multiphase flow model. The homogeneous model in Eulerian-Eulerian multiphase flow, as applied to the two-phase liquid-solid flow, is used in this work. This means that the laws of conservation of mass and momentum are satisfied by each phase individually [15] . Standard equations for single-phase flow (mass and momentum conservation equations) were used in the simulation. Considering the magnitude of the pressure drop across the grid, compressible fluid equations are necessary. Under usual operating conditions, the flow is found to be turbulent due to the Reynold number equals to 2.03 x 10 4 . In addition, solid-liquid mixing is most focused on agitation speed required to suspend the particles in the turbulent regime [16] . Turbulent stresses are modeled using the   k model. The dependent variables are solved for each phase separately. The Eulerian multiphase model allows for the modeling of multiple separate, yet interacting, phases. The phases can be liquid, gas, or solid, in nearly any combination. A Eulerian treatment is used for each phase, which is in contrast to the Eulerian-Lagrangian treatment that is used for the discrete phase model. With the Eulerian multiphase model, the number of secondary phases is limited only by memory requirements and convergence behavior. Any number of secondary phases can be modeled, provided that sufficient memory is available. For complex multiphase flows, however, the solution is limited by convergence behavior. The Eulerian multiphase model does not distinguish between fluid-fluid and fluid-solid (granular) multiphase flows. A granular flow is simply one that involves at least one phase that has been designated as a granular phase.
Volume fraction equation
The description of multiphase flow as interpenetrating continua incorporates the concept of phasic volume fractions, denoted here by α q . Volume fractions represent the space occupied by each phase, and the laws of conservation of mass and momentum are satisfied by each phase individually. The derivation of the conservation equations can be done by ensemble averaging the local instantaneous balance for each of the phases. In the simulation, a solid value in volume fraction is shown, so it must find a relation between the mass of solid and solid volume fraction.
The volume of phase q, V q , is defined by:
where:
The effective density of phase q is:
Conservation Equation
The general conservation equations from which the equations solved by ANSYS FLUENT are derived and presented in this section, followed by the solved equations.
The continuity of mass for phase q is: m  characterizes the mass transfer from phase q to phase p, and it is able to specify these mechanisms separately.
By default, the source term S q on the right-hand side of Equation (4) is zero, but it can specify a constant or user-defined mass source for each phase.
The conservation of momentum for phase q yields: 
where q  is the q th phase stress-strain tensor: 
where K pq (= K qp ) is the interphase momentum exchange coefficient
The continuity equation is considered in the conservation of mass. The volume fraction of each phase is calculated from a continuity equation:
where rq  is the phase reference density, or the volume averaged density of the q th phase in the solution domain.
Fluid-Solid Momentum Equations
The system uses a multi-fluid granular model to describe the flow behavior of a fluid-solid mixture. The solid-phase stresses are derived by making an analogy between the random particle motion arising from particle-particle collisions and the thermal motion of molecules in a gas, taking into account the inelasticity of the granular phase. As is the case for a gas, the intensity of the particle velocity fluctuation determines the stresses, viscosity, and pressure of the solid phase. The kinetic energy associated with the particle velocity fluctuations is represented by a "pseudo-thermal" or granular temperature which is proportional to the mean square of the random motion of particles.
The conservation of momentum: 
where ρ s is the s th solids pressure, K ls = K sl is the momentum exchange coefficient between fluid or solid phase l and solid phase s, N is the total number of phases.
Fluid-Solid Exchange Coefficient
The fluid-solid exchange coefficient K sl is the value to show interphase relation between fluid and solid in a system, it can be written in the following general form:
where f is defined differently for the different exchange-coefficient models (as described below), and s  , the "particulate relaxation time", is defined as
where d s is the diameter of particles of phase s.
All definitions of f include a drag function (C D ) that is based on the relative Reynolds number (Re s ).
It is this drag function that differs among the exchange-coefficient models.
Gidaspow Drag Model
For very dense gas-solid or liquid-solid flows, the Gidaspow correlation is recommended as following:
Solid Pressure Forces
Additional solids pressure and solids stress terms are introduced into the solid phase momentum equations to account for forces due to solid collisions:
where f P is the fluid phase pressure.
S P
is the solids pressure due to inter-particle collisions. 
2.5.4
The
The present work   k model is employed to carried out in the turbulent flow into CFD model for solid-liquid phases [17] (14) and the momentum equation becomes:
where B is the sum of body forces, eff  is the effective viscosity accounting for turbulence, and p is the modified pressure given by 
The values of k and  come directly from the differential transport equations for the turbulence kinetic energy and turbulence dissipation rate:
 and   are constants. k P is the turbulence production due to viscous and buoyancy forces, which is modeled using:
For incompressible flow, U   is small and the second term on the right side of Equation (22) does not contribute significantly to the production. For compressible flow, U   is only large in regions with high velocity divergence, such as at shocks.
The term t  3 in Equation (22) is based on the "frozen stress" assumption. This prevents the values of k and  becoming too large through shocks, a situation that becomes progressively worse as the mesh is refined at shocks. The expert parameter compressible turbulence production factor can be used to set the value of the factor in front of t  , the default value is 3, as shown.
If the full buoyancy model is being used, the buoyancy production term kb P is modeled as: 
Meshing and simulation for solid-liquid in mixing tank
The problem is divided into many grids and the calculation of fluid phenomena is carried out it in each grid. This process is referred to as "meshing". The Tri-angular element is selected for the geometry meshing. Meshing is an important step for selecting boundary conditions. The meshing is adjusted to provide a high resolution and generated using an infrastructure grid, as shown in Figure 3 . Over 250,000 elements were used in each mixing tank to calculate the fluid phenomena. The grids are refined only near the impeller because this work is considered especially for hydrodynamics near the Rushton. Therefore the refine meshing are the wall is not necessary [18] .
The differential equations in the mathematical model have solved on a unit volume basis. Thus, the conservations need to yield overall possible finite volumes covering the whole problem spaces. This method called finite volume technique. The differential equation expresses the conservation over infinitesimal control volumes.
The mixing tank is assumed to be symmetric, thus only one-quarter of the reactor is simulated. Calculations using both constant a solid volume fraction and varying the solid load have been performed. All the models use the following assumptions: the mixing tank is symmetric and the liquid-solid mixing is the same in every quarter, there are no reactions occurring in the mixing tank, the mixing tank walls are adiabatic, there is a non-slip condition for all rigid walls, the temperature in the tank is constant, and the mass is constant both before and after the mixing.
RESULTS AND DISCUSSION
Wisarut (2011) was carried out the solid-liquid mixture experiment in mixing vessel 10 L with blade Rushton at a solid concentration of 1%wt. The liquid and solid phases are water and aluminum oxide (Al 2 O 3 ), respectively. Stirring speed is 300 rpm and mixed it until the mixture is well-mixed. The sampling 10 mL of a mixture will take out at 11 points as following Figure. 4. Comparing the results of solid concentration between experiment and simulation were obtained that the solid concentration of simulation result was almost the same to experimental data as shown in Figure 5 .
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Moreover, Figure. 6 showing the contour mixing between experiment and simulation at time 0 to 8 s with the same condition. The mixing of both methods is closed results. Therefore, the blade Rushton can be selected for as a case study with blade Rushton V-cut. Figure 7 . These results show that the distribution of the solid volume fraction was almost the same using both the Rushton and Rushton V-cut geometries. For both geometries, a high solid volume fraction was observed at the bottom of the tank and the distribution of solid volume fractions decreased slightly nearer to the container wall. These results show that the solid particles were mixed well and are close to experimental solid fraction results. Figure 8 shows the results of the calculated solid velocity contours for the Rushton and Ruston V-cut geometries at 300 rpm. These results show that in both geometries, the velocity contours were almost the same. Low and high velocities were observed near the wall and blade regions, respectively.
The comparison of pressure contours in a mixing tank for the Rushton and Rushton V-cut geometries at 300 rpm are shown in Figure 9 . High pressure was observed at the blades and baffles for both geometries. However, the pressure of 378.9 Pa at the Rushton V-cut blade was less than that for the Rushton blade of 473.7 Pa due to the cut in the blade at the high-pressure region. This has the effect of reducing the pressure in the tank. The benefit of pressure decreasing can be reduced the power consumption. The blades are cut in the region in which high pressure and high shear stress occur. Figure 10 shows that shear stress at blades is reduced from 0.235 Pa to 0.03789 Pa when the shape is changed from the Rushton to the Rushton V-cut blade. 
CONCLUSIONS
The blades designed for this system are a development on the Rushton blades. The Rushton V-cut blades are made by cutting a standard Rushton blade in the area that generates high pressure, or at the middle of the blades. This type of blade is called Rushton V-cut. Hydrodynamic simulations of solid dispersion were done in the mixing tank using ANSYS and the k-ε turbulent model. For both geometries, a low solid volume fraction was observed near the wall of the tank and a high solid volume fraction was observed near the bottom of the tank. These results show that the solid was mixed well, and are close to experimental results. The velocity contours of both geometries were almost the same. Low and high velocities were observed near the wall and blade regions, respectively. The simulated pressure profiles and shear stress profiles of the Rushton V-cut impeller were compared. The Rushton V-cut impeller can mix as well as the Rushton impeller. Moreover, at the Rushton V-cut blade, the pressure of 378.9 Pa was less than the Rushton blade of 473.7 Pa due to the cut in the blade at the high-pressure region with percent different of 20.01%. This has the effect of reducing the pressure in the tank. The blades are cut in the region in which high pressure and high shear stress occur. At blades, shear stress is reduced from 0.235 Pa to 378.9 Pa when the shape is changed from the Rushton to the Rushton V-cut blade. The percent difference is 64.38% The benefit of pressure and shear stress decreasing can be reduced the power consumption.
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